Glycaemic variability may contribute to the pathophysiology of diabetes complications independently of the average level of blood glucose and increases the barriers to achieving such mean goals as well as the risk of hypoglycaemia. Continuous glucose monitoring (CGM) has the potential to identify and address glycaemic variability. Achieving effective use of the extensive data generated by CGM within a routine diabetes consultation is challenging, particularly where glycaemic variability is high. Expert groups have called for more standardisation of the analysis and reporting of glycaemic data. The Ambulatory Glucose Profile (AGP) is an internationally recognised, consensus-approved visual representation which simply summarises glycaemic data and its descriptive statistics in a clinically meaningful format, thus providing a solution to this unmet need. The AGP collates and presents several days of glucose records in a single projection, presenting a visual trace for the median glucose level, with its 25-75th and 10-90th percentiles, according to a 'modal' day. In this way, the AGP provides a straightforward and visual means of identifying times of increased risk of hypoglycaemia or hyperglycaemia that, in turn, provides a robust platform for the diabetes healthcare professional and the person with diabetes to explore, discuss and resolve the underlying reasons for suboptimal diabetes control. Br J Diabetes 2017;17:26-33 
Introduction
Continuous glucose monitoring (CGM) plays an increasing role in the management of diabetes, particularly for insulin-treated patients. 1 However, CGM data from an individual patient with diabetes are variable over time, and the large volume of data produced can be challenging to interpret within the routine diabetes consultation. 2 Accordingly, there is a need for standardised reporting of such data. 3, 4 We describe the rationale for and use of the Ambulatory Glucose Profile (AGP) as a structured approach to the analysis of complex glucose data: the AGP facilitates identification of issues relating to glycaemic control and assists in both decision-making for adjustment of the regimen and communication of the need for these changes to the patient. We also summarise recommendations relating to the potential use of the AGP in the routine diabetes care setting.
Glycaemic control, diabetes complications and glycaemic variability in the management of diabetes
The continued need for effective control of glycaemia Maintaining adequate control of glycaemia remains a key challenge in the management of diabetes. Long-term hyperglycaemia (as indicated by updated HbA1c) is associated epidemiologically with a markedly increased risk of microvascular and macrovascular complications in people with type 1 or type 2 diabetes. 5, 6 Intensive glycaemic control has consistently reduced the onset and severity of microvascular complications in clinical trials in patients with type 1 and type 2 diabetes. In some studies with advanced type 2 diabetes, improved glycaemic control delivered a modest reduction in the risk of adverse cardiovascular outcomes. 7 Also, early intensive glycaemic interventions in populations with type 1 and type 2 diabetes have resulted in cardiovascular benefits years beyond the duration of randomised study therapy. 8, 9 Conversely, randomised trials in populations with type 2 diabetes, including the Action to Control Cardiovascular Risk in Diabetes (ACCORD) and other studies, have identified hypoglycaemia (associated with high glycaemic variability and instability; see below) as a key determinant of increased risk of mortality associated with aggressively-targeted HbA1c. 10, 11 Glucose variability and diabetes complications Three elements contribute to suboptimal glycaemic control: maintained exposure to hyperglycaemia (as measured by elevated HbA1c), glycaemic variability (variations in blood glucose between days) and glycaemic instability (variations in blood glucose within the day). The risk of hypoglycaemia is increased by both glycaemic variability and instability. The extent to which blood glucose fluctuates within and between days remains an under-appreciated manifestation of diabetic states. A patient with apparently wellcontrolled diabetes, as gauged by the HbA1c level, may in reality be experiencing considerable variability and instability in their glucose levels, including multiple potentially severe episodes of hyperglycaemia and hypoglycaemia during a given day and night (Figure 1 ).
An attempt to reduce the overall level of exposure to high blood glucose (e.g. according to the HbA1c) may expose such a patient to increased risk of hypoglycaemia unless the variability and instability of the profile are addressed first. Indeed, for most patients the symptoms associated with suboptimal glucose control relate to variability in blood glucose levels rather than to maintained exposure to hyperglycaemia. The constant pressure arising from the need to achieve metabolic control is always challenging and often distressing for people with diabetes. 12, 13 This can lead to 'diabetes burnout', where continued frustration and disillusionment with attempts to cope with diabetes induce the person with diabetes to effectively abandon their diabetes self-care. 12 High glucose variability may contribute directly or indirectly to the genesis of diabetic complications, in addition to the adverse effect of hyperglycaemia per se. [14] [15] [16] [17] [18] Updated HbA1c over time accounted for only about one-ninth of the risk of retinopathy in the Diabetes Control and Complications Trial. 19 Variable levels of blood glucose have been shown to impair endothelial function and increase oxidative stress compared with constant hyperglycaemia, 15, 20 which is consistent with increased risk of adverse cardiovascular outcomes. 21 Accordingly, the contribution of glycaemic variability to overall glucose exposure is likely an important determinant of long-term outcomes. Thus, reducing glucose variability can be considered a valid therapeutic objective in its own right, alongside correction of elevated HbA1c. [21] [22] [23] [24] The continued need to limit the incidence of hypoglycaemia Avoiding hypoglycaemia is an important part of the management of diabetes. 25 Episodes of hypoglycaemia induce changes to the ECG that are consistent with an increased risk of life-threatening cardiac arrhythmias, particularly when they occur during sleep. 26 Hypoglycaemia of any severity may be more common than previously thought, especially in insulin-treated patients. 27, 28 Even nonsevere hypoglycaemia can impair sleep, well-being and ability to work, and can impact strongly and negatively on family life and on the overall management of diabetes. 29, 30 Fear of hypoglycaemia may lead to less stringent glycaemic targets being set and/or affect the willingness and ability of people with diabetes to try to achieve these targets. 29 Fear of hypoglycaemia promotes adverse selfmanagement behaviours such as insulin dose reduction or omission or 'defensive snacking', with an adverse effect on overall glycaemic control. 29 The challenge of hypoglycaemia in diabetes management is compounded by the relatively common phenomenon of hypoglycaemia unawareness, where repeated bouts of severe hypoglycaemia reduce the ability of the patient to identify and deal with a subsequent hypoglycaemic episode. Hypoglycaemia unawareness occurs in about 25% of people with type 1 diabetes, rising to 50% for those with a diabetes duration exceeding 20 years. 31 Hypoglycaemia unawareness was also reported by almost half of a cohort of patients with insulin-treated type 2 diabetes. 32 
Achieving a better understanding of daily glycaemic control
Limitations of fingerstick glucose monitoring The HbA1c level is a pure measure of exposure to glucose and thus tells us nothing about the presence or absence of underlying glucose variability, as described above. Self-monitoring of blood glucose (SMBG) can provide some additional evidence, but needs a structured and demanding self-testing strategy to provide such information reliably. Unfortunately this is rarely achieved in routine clinical practice, even after 40 years of experience with the methodology, although such programmes have proven efficacy in the research setting. SMBG tends to be carried out in routine clinical care, if at all, in a manner related more to habit and/or convenience than to structure, to identify the immediate causes of symptoms or to explore concerns relating to extremes of blood glucose (e.g. when a 'hypo' is suspected). Fingersticks can be painful and messy, and embarrassment at needing to manage diabetes visibly in public has been identified as an important barrier to insulin treatment in people with diabetes. 33 Thus, SMBG is also unlikely to capture sufficient additional detail on daily glucose fluctuations to guide therapy aimed at reducing glucose variability.
Continuous measures of blood glucose CGM, or the more recently introduced flash glucose monitoring (FM), allows the identification of minute-to-minute variations in blood glucose throughout the day and night. This approach is less invasive than SMBG and has been associated with improvements in metabolic control in terms of reduced HbA1c and/or the frequency of hypoglycaemia. 34 CGM may be 'blinded' (where data are saved for subsequent clinic review but are not visible to the user) or, alternatively, 'real-time' (open) CGM which provides readings on demand to the patient who can use them to adjust their insulin regimen, especially when CGM is used in tandem with an insulin pump. 35 The relatively new technique of FM involves episodic collection of real-time glucose data (every 15 minutes) over an CURRENT TOPICS VOLUME 17 ISSUE 1 l JANUARY/FEBRUARY/MARCH 2017 Figure 1 . Glycaemic variability provides information on glycaemic control over and above that provided by measures of average blood glucose. The mean blood glucose is the same for three hypothetical three-day CGM records, despite obvious differences in the underlying glycaemic variability
Reproduced from Suh and Kim under a Creative Commons Licence. 22 8-hour period, for subsequent download and retrospective analysis. 36, 37 The patient can access the current glucose value easily, if needed, so that the FM system can also be used to guide the administration of insulin; trend arrows are also displayed to indicate the current direction of changes in blood glucose. 36 Further development of CGM systems is being driven largely by its role as an integral component of the closed loop (artificial pancreas). 38 FM provides sufficient data on blood glucose levels throughout the day to address the self-management needs of most people injecting insulin and is a cost-effective alternative to multiple daily fingersticks where the risk of therapy-associated glycaemic variability is high. 39 Inaccurate blood glucose readings, especially in the hypoglycaemic range, and short sensor life have been barriers to the effective use of methods for the continuous measurement of blood glucose. However, improvements in sensor technology have led to longer-lasting, more accurate and cheaper sensors, with the latest generation reaching the point where calibration measurements are not routinely required.
Interpreting dense glucose data can be challenging Healthcare professionals are exposed to an increasing volume of clinical data, and 'data overload' can be an important barrier to achieving adjustments to therapy. Continuous measures of glucose generate a daunting analytical challenge within the time constraints of a clinic visit. Moreover, variation in glucose data within and between days can be considerable and this may provide a 'spaghettilike' appearance of graphic plots, with numerous outlier values, when records are overlaid, as shown in Figure 2 . 40 This variability complicates the analysis of dense glucose records, often obscuring underlying patterns in daily glucose control and delaying optimisation of glucose-lowering therapy. In particular, it is difficult for the healthcare professional faced with daily glucose records to distinguish between regularly occurring events, likely to require immediate intervention, and rarely/occasionally occurring events that may have a limited impact on overall long-term glucose control. Where such differentiation is unclear, the rare 'extreme' event is often prioritised over the more common but less extreme trend. Thus, clinical consultations and therapy decisions can counterintuitively become less productive the more data is accessed.
These concerns can result in inconsistencies between clinicians regarding the interpretation of glucose traces and changes to therapy. Indeed, expert groups have identified the need for a more consistent and standardised approach to the reporting and interpretation of dense glucose data in routine clinical practice. 41 The AGP, described below, meets this need.
The AGP in routine clinical practice
Rationale for the AGP The AGP was first described almost 30 years ago, initially as a way of presenting validated SMBG data from meter downloads. 42 More recently, with the availability of convenient software, interest in the AGP has increased as it is recognised to present a simple and informative way to summarise the 'dense' glucose data provided by modern continuous monitoring technology in order to analyse and communicate the outputs of complex datasets. An expert group in the USA concluded in 2013 that moving towards the standardisation of the reporting of continuous glucose data through use of the AGP would be of benefit to patients, physicians and researchers. 3 This view was endorsed subsequently by the US Food and Drug Administration 43 and by an expert group of European physicians. 44 The following sections will explore the rationale for use of the AGP, its potential to enhance the management of patients on CGM and current consensus recommendations for its application in clinical practice.
How the AGP works
The AGP provides a means of analysing large amounts of glucose data from a number of separate days of recording. The blood glucose level at each time point from several days of glucose records is collated and presented in a single projection. The AGP is presented as a median glucose value (probably more useful to the clinician interested in "what usually happens" rather than the mean which might be more strongly affected by outlying values) along- . 44 Each trace is superimposed onto a modal day in which all data for each day are arranged on an identical time line. The use of 14 days of glucose records for the AGP has been validated as sufficient to provide a full analysis of issues relating to glycaemic control in any given patient. 45 Given the challenges in many healthcare systems with funding CGM, AGP profiles may be generated by shorter periods of recording but it is unclear whether these are sufficiently robust to identify glycaemic patterns, and we are not aware of any beneficial outcomes from attempts to merge CGM with SMBG data to create a composite AGP profile.
Periods of the day with risk of highs or lows in blood glucose can be identified clearly and visually. The overall amplitude of the display provides information on the level of glucose variability. The distance between the median blood glucose curve and those for the percentiles increases as the underlying glucose variability increases: the distance between the median and 25th and 75th percentiles provides an indication of 'usual' glucose variability, while the 10th and 90th percentiles provide information on 'occasional' glucose excursions. 44 Extremes of the glucose experience are excluded as these will usually represent extreme situations; these are important but require attention to situational management rather than changes to the usual routine. Accordingly, when the percentiles are further apart, glucose variability is higher. The example shown in Figure 3 demonstrates increased glycaemic variability after breakfast, lunch and dinner. In this way, the AGP assists the clinician to interpret daily patterns while recognising and interpreting one-off events and chronic gradual changes in glycaemia at different times during the day. In particular, the movement of the median value from hour to hour during the day provides a measure of glucose instability. Figure 4 shows an example of the way in which the AGP can be used to simplify data from multiple traces. 40 The individual traces are typically chaotic in appearance, with numerous points in the hyperglycaemic and hypoglycaemic ranges, in some cases above 20 mmol/L and below 3 mmol/L, respectively. The AGP, superimposed on the original traces, shows how the original highly scattered data can be used to identify times of the day when there is a risk of loss of control of blood glucose. In this case, there is a tendency towards hyperglycaemia throughout the day and especially after breakfast and at night. Figure 5 shows an example of the application of the AGP to guide therapy. The initial AGP demon- strated marked hyperglycaemia and glucose variability over much of the day, with the 25th percentile curve approaching the lower limit of the normal range during the afternoon. Therapy change was thus targeted to minimise the variability (initially a sulphonylurea was discontinued and replaced with a GLP-1 receptor agonist). Once the variability and instability had been addressed, adjustment to therapy addressed the excess exposure so that hypoglycaemia would not become a problem. A subsequent AGP following initial adjustments to therapy demonstrated a An authority in the field (a co-author of the original publication on AGP in 1987) supports the need for standardisation of analysis of dense glucose data, but has also called for the AGP to be customisable to some extent -for example, to allow the time period of analysis to be centred on the main meal of the day rather than the modal day used in the standard analysis. 46 Further research on the use of the AGP will determine the value of flexible personalised boundary settings to enable individuals to focus on issues of special concern.
Potential contribution of the AGP to routine clinical practice The AGP provides increased speed and efficiency in the interpretation of complex glucose data. By eliminating much of the noise introduced into glucose traces by day-to-day glucose variability, the AGP provides reassurance that clinical decision-making is based on the best available evidence relating to the patient's glycaemic control. In addition, the visual nature of the AGP readouts helps patients to understand the causes of suboptimal glycaemic control and provides an opportunity for them to become more actively engaged in their diabetes care.
When used in conjunction with a thorough assessment of the patient's daily routine, the AGP provides a rigorous basis for addressing potentially modifiable factors that are central to achieving good glycaemic control in diabetes: behaviour (diet, physical activity and other lifestyle factors) and the antidiabetic therapeutic regimen. The level of temporal detail available from the AGP provides support for troubleshooting times of the day when there is an increased risk of hypoglycaemic or hyperglycaemic events, enabling troubleshooting and prioritisation of specific changes to behaviour and treatment. The AGP is superior to glucose diaries for assessing hypoglycaemic risk, with potential for better engagement of the patient with the management of their diabetes. 44 AGP readouts also provide a platform for constructive dialogue between members of the healthcare team and the patient. The straightforward and highly visual nature of AGP outputs is also useful for explaining specific issues with diabetes care to the patient, helping to engage them in their care and potentially supporting adherence to the agreed regimen. The positive effects of changes to the regimen can be demonstrated readily to patients, whether based on lifestyle intervention or changes to insulin or other pharmacotherapy. This is likely to assist in improving understanding of diabetes and to support future adherence to therapy, as a lack of understanding of diabetes is well known to be an important barrier to optimal diabetes care. 33, 47 Which people with diabetes are most appropriate for the implementation of AGP within a more intensive monitoring strategy?
The AGP is suitable for use in a broad range of people with type 1 or type 2 diabetes. The principal benefit of the AGP in people with type 1 diabetes may be to provide information on the relationship between blood glucose levels and insulin use and to provide a foundation for understanding and discussion with their healthcare professionals. The AGP may facilitate and support insulin dose adjustments or changes in CURRENT TOPICS Figure 6 . Recommendations for the use of the ambulatory glucose profile (AGP) in UK clinical practice
Step 1 Agree specific goals before starting the AGP analysis
Step 2 Assess the validity and quality of glucose data
Step 3 Patient review
Step 4 Address hypoglycaemic episodes as a priority
Step 5 Review the AGP profile for specific time periods
Step 6 Evaluate day-to-day glucose variability
Step 7 Communicate the key message(s) of the AGP data analysis
Step 8 Avoiding repeated episodes of severe hypoglycaemia is the key to reversing hypoglycaemia unawareness. 48, 49 The AGP may therefore be used alongside diabetes educational initiatives to achieve this goal by highlighting behaviours and treatments that predispose to hypoglycaemia. Finally, the AGP is useful for isolating and troubleshooting specific problems that cause periods of hypoglycaemia or hyperglycaemia, as described above.
Using the AGP in routine UK clinical practice
Consensus recommendations have been previously presented by a European expert group. 50 The authors have considered adopting these recommendations as a basis for the use of the AGP in the UK clinical setting. These are described in Figure 6 , and the key additions made for the UK environment are noted below.
Step 1: Set specific goals and/or aspirations according to the needs of the individual person with diabetes. While the AGP is a useful tool for identifying potential sources of suboptimal glycaemic control, it is essential that issues already recognised are prioritised for early attention.
Step 2: Fourteen days of data collection for the AGP has been validated as sufficient to predict the AGP formed from 30 days of data collection 42 and is thus considered optimal. An AGP based on fewer days may still be useful where issues show clearly and reproducibly.
Step 3: Injection technique and practices can strongly affect the quality of glycaemic control, and should be an important component of the review of the patient's daily diabetes self-care routine.
Step 4: Intervening to reduce the frequency and/or severity of hypoglycaemia is often an urgent priority. The investigation of hypoglycaemia episodes depends on the needs and concerns of the patient and the overall focus of the consultation. Be sure to cover the issues that the patient is concerned about, with discussion of any acute incidents. In addition, ensure there is discussion of regular versus intermittent events (e.g. weekly gym activity).
Steps 5 and 6: Subdividing the day into time blocks, as per the European consensus, risks imposing a routine on the day that might not exist in reality -hourly splits might be more useful. Otherwise, healthcare professionals should agree with their patient as to how their day is split according to meal times. Finding the best approach for the individual patient will facilitate identification of issues relating to glycaemic variability or instability.
Step 7: Only one factor (whether behavioural or therapeutic) should be altered during each review of the AGP, with the priority of remaining issues updated accordingly. Changes made should be linked to an agreed action and result in subsequent review of the outcome of that specific action.
Step 8: The interval between consultations will depend on the nature of the alterations to the regimen being made. For example, behavioural changes (e.g. to diet and/or activity) will need longer to take effect than an alteration of the insulin regimen.
Conclusions
Glycaemic variability contributes to the pathophysiology of diabetes complications independently of the average level of blood glucose, and increases the risk of hypoglycaemia. Examination of daily glucose records is necessary to identify high glucose variability, involving the analysis of often daunting volumes of glucose data. The AGP saves time and increases efficiency in interpreting dense glucose data, helps to ensure that clinical decisions are based on a true understanding of the issues affecting the patient's daily glycaemic control, and provides an opportunity for patients to be more engaged in their own diabetes care. The AGP is a valuable tool in UK clinical practice, can be interpreted with very little training and may help patients to see and understand their glucose data and participate actively in their diabetes care.
Key messages
• High glycaemic variability may contribute to the pathogenesis of long-term diabetes complications, creates a barrier to achieving mean glucose targets and increases the risk of hypoglycaemia • High glycaemic variability adds to the complexity of analysis of the large volume of data provided by continuous glucose monitoring (CGM) and experts have called for more standardisation of data analysis and reporting • The Ambulatory Glucose Profile (AGP) averages daily glucose records, presenting the median glucose and its 25-75th and 10-90th percentiles across a standard 'modal' day • The AGP provides a visual, clinically meaningful and robust platform of identifying and addressing the underlying causes of suboptimal glycaemic control at different times of the day • Expert consensus recommendations recognise that clinicians value the AGP as a useful technique for improving assessments of glycaemia and decisionmaking in routine UK clinical practice • The structured nature and common format of the AGP will allow more effective training (for both healthcare professionals and patients) to improve decision-making based on glucose profile analysis
